Summary Burkitt's lymphoma, an Epstein-Barr virus (EBV)-associated non-Hodgkin's malignant lymphoma is endemic in an area of Africa known as the Lymphoma Belt. This zone is demarcated by climatic requirements of temperature and rainfall. EBV-activating plant factors are among several co-factors which have been proposed for the development of epidemic Burkitt's Lymphoma (eBL). The distribution of Euphorbia tirucalli, a plant which possesses EBV-activating substances and can induce the characteristic 8:14 translocation of eBL in EBV-infected lymphoblastic cell lines in vitro, conforms closely to the climatic requirements of the Lymphoma. This plant, other EBV-activating plants and plants of unknown EBVactivating status with medicinal uses, are found significantly more often at the homes of eBL patients in Malawi than in those of controls.
Endemic Burkitt's Lymphoma (eBL) is the commonest childhood tumour in an area of Africa called the lymphoma belt. This zone stretches from approximately 10°north to 100 south of the equator and includes Malawi. The tumour occurs where there is a mean temperature greater than 15.6°C and a minimum annual rainfall of 50 cms (Haddow, 1963) and it's distribution coincides with that of holoendemic malaria (Kafuko & Burkitt, 1970) . Some eBL characteristics could be explained by the immunomodulatory role of malaria, which is undoubtedly significant, but others, such as space-time case clusters and shifting foci of cases seen in Uganda and Malawi (van den Bosch et al., 1993) suggest involvement of an additional environmental factor.
Certain plants, mostly Euphorbiaceae, have been proposed as possible co-factors for eBL (Ito, 1985) . A precedent for this is the euphorbia, Aleurites fordii, a postulated co-factor for naso-pharyngeal carcinoma, another EBV-associated malignancy whose distribution in China coincides with that of this tree (Hirayama & Ito, 1981) . Plant variation could account for the lymphoma's geographical restriction, seasonality, diminished incidence in urban areas and arid regions as well as space-time case clusters. Euphorbia tirucalli has been observed frequently by the homes of children with eBL in East Africa (Osato et al., 1987) . Figure 1 shows the approximate distribution of this plant in Africa derived from recorded plant sightings, which is similar to that of the lymphoma. The plant is also common throughout West and East Africa. Both E. tirucalli and A. fordii contain diterpene esters which activate latent EBV within a cell and enhance the production of complete virions (Ito, 1985) . Epstein-Barr virus has the capacity to immortalise cells both in vitro and probably in vivo, thus allowing them to proliferate (Miller, 1980) . Ninety-six per cent of cases of eBL have incorporated the EBV genome (Geser et al., 1983) . Case of eBL have raised antibody-titres to EBV viral capsid antigen (VCA) several years before the manifestation of the lymphoma (de The et al., 1978 Malawian homes are surrounded by a yard which consists of bare earth that is swept daily. Plants occurring immediately around the house, and within or on the perimeter of the yard were recorded, using a scoring system for the number of plants and their distance from the home. The numbers of each plant were recorded and allocated to one of five groups i.e. 1, 2-5, 6-9, 10-14 and 15 +. This score was multiplied by a factor of 3, 2, or 1 according to whether the plants were immediately by the house, in the middle or on the perimeter of the yard. There was no score for the size of plant or the presence of leaves and flowers. The local names of plants were ascertained and the Latin equivalent derived from books using vernacular names (Williamson, 1974; Binns, 1972; Coates & Palgrave, 1977) . The plant was then checked against the description in the books. Specimens of unidentified plants were collected, pressed and taken to the herbarium at Zomba for identification.
The number of homes of both patients and controls where plants which occurred commonly, (at more than 10% of homes), or were euphorbias or commonly-used or medicinal plants were counted.
The numbers in the two groups were analysed using chisquared with Yates correction, but the Two-tailed Fisher's exact test was used when the number in any group was less than five. Odds ratios were calculated. The aggregate scores for plants were also compared and the mean values derived for patients and controls. The numbers of plants found in each control group were also compared to detect any disparity between them. The uses of plants in Malawi were ascertained (Williamson, 1974; Morris, 1991) and are shown in Table I .
Results
All plants were identified with the exception of nine. The results of the study are given in Table II No association was shown for Vinca rosea, from which vincristine is derived, and R. communis, from which the toxin 'ricin' is obtained, both known to be without EBV-promoters (Ito, 1985) , nor for E. cotinifolia, a known EBV-promoter used solely as an ornamental plant in Malawi. Information on medicines taken before the onset of the tumour was available on 123 patients. Most patients had taken a variety of medicines, but very few could name the drug used. Only nine of the 63 patients who admitted using traditional herbal remedies were able to name the herbs because they had been provided by a traditional healer. Three of these patients had used T. sericea, one of the plants associated with the lymphoma homes.
Discussion
EBV promoters of plant origin gaining access to the body, could, theoretically, increase the number of EBV-carrying B cells and potentiate changes associated with cellular transformation. This activity could occur independently, or in conjunction with malaria. An extract of Euphorbia tirucalli has been shown to induce continuous mitosis and chromosomal rearrangements in EBV-infected B lymphocytes in vitro (Aya, 1991) . Chromosomal abnormalities were seen in more than 10% of cell divisions in the course of one year. Approximately 10% of these abnormalities were the characteristic 8:14 translocation seen in BL involving activation of the c-myc oncogene. Such cells were tumorigenic when injected into nude mice. The chromosomal changes induced by the E. tirucalli extracts were only seen in the presence of EBV infection. Euphorbia tirucalli is thus apparently acting both as an EBV promoter and a translocation-inducer. Opinions vary as to when the translocation occurs in the pathogenesis of eBL. Chromosomal aberrations appear to be intrinsically involved in the conversion stage of tumour development (Furstenberger et al., 1989) .
Of the four plants with known EBV-promoting status, two had a significantly raised odds ratio although that for E. tirucalli was based on only five cases and two controls. None of the odds ratios for plants without EBV-promoter were raised. Of those with unknown EBV-promoting activity, all five of those used medicinally had significantly raised odds ratios and tobacco is a known carcinogen. The associated plants could have been among those administered to patients by traditional healers,.which would increase any importance in their role. E. tirucalli has many medicinal uses which include remedies for children's ailments whereas Jatropha curcas is used as a hedge and for gynaecological conditions. T. sericea is used medicinally for many paediatric probiems.
Although the multiplication factor used in this study was only a crude measure of exposure and had some disadvantages, nevertheless it was the only way to assess exposure due to absorption or inhalation of dust impregnated with plant factors. No account was taken of plants at nearby houses or places visited by the child in the course of work or play because it was impossible to check the exact sites and fre- (Ito, 1983 odontadenius, a
